Identification of nucleolin as a binding protein for midkine (MK) and heparin-binding growth associated molecule (HB-GAM).
Midkine (MK) is a heparin-binding growth/differentiation factor with a molecular weight of 13 kDa, and is structurally unrelated to fibroblast growth factors (FGF). We studied MK-binding proteins in order to clarify the action mechanism of MK. A 100-kDa protein was identified in PYS-2, 3T3, and L cells as an MK-binding protein by a ligand blot experiment. This MK-binding protein was purified by affinity chromatography on an MK-agarose column followed by SDS polyacrylamide gel electrophoresis. Sequence determination of N-terminal 23 amino acid residues revealed that the MK-binding protein was nucleolin, a major nucleolar protein, which functions as a shuttle protein between the nucleus and cytoplasm and is located also on the cell surface. Heparin-binding growth associated molecule (HB-GAM), which has 50% sequence identity with MK, fused to maltose-binding protein also bound to nucleolin. On the other hand, basic FGF (bFGF) scarcely bound to nucleolin in the absence of heparin, while both MK and bFGF bound weakly to nucleolin in the presence of heparin. Nuclear localization of MK was shown in hemangioma cells by immunohistochemical staining. These findings supported the hypothesis that parts of the MK and HB-GAM are translocated to the nucleus after binding with nucleolin.